The chronic obstructive pulmonary disease (COPD) is one of the few respiratory diseases which is associated with a number of comorbidities. Psychiatric disease like depression is a very important comorbidity of COPD because it decreases the feeling of wellbeing in the patient and also interferes with the compliance with medication thereby increasing the risk of hospitalization in the COPD patient. A cross-sectional study was done for two years in the department of pulmonary medicine at Era's Lucknow medical college and hospital, Lucknow. A total of 150 patients were enrolled for the study after a clinico-radiological screening for COPD and the diagnosis confirmed on spirometry. After the confirmation of the diagnosis of COPD in these patients, they were screened for depression using the PHQ-9 scale in our department of pulmonary medicine. The confirmation of the diagnosis of depression was done according to the ICD-10 guidelines for depression and the severity of depression was graded using HAM-D scale in the department of psychiatry at our institute. The most common age group enrolled in the study was 51-60 years of age (40.67%). One hundred and fifteen patients (76.7%) of the enrolled patients were smokers while the remaining 35 patients (23.3%) were non-smokers. Depression was found to be present in 46 out of the total 150 patients in the study. Thus, the prevalence of depression in our study was 30.67%. Depression was seen in COPD groups B,C and D. Out of the 46 patients of COPD with depression,18 had mild depression (39.13%), 26 had moderate depression (56.52%) and 2 had severe depression (4.35%). Hence, depression of all grades (i.e., mild, moderate and severe depression) is seen in COPD groups B, C and D.
Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease known for decades but it has gained special importance in the last few years as it is expected to be the third leading cause of death by 2020 [1, 2] . COPD is one of the few respiratory diseases which is associated with a number of comorbidities like heart failure, skeletal muscle dysfunction, osteoporosis, metabolic syndrome, ischemic heart disease, pulmonary artery disease, lung cancer, peripheral vascular disease, bronchiectasis, psychiatric diseases, gastroesophageal reflux disease, sleep disturbance and obstructive sleep apnea [2] . Psychiatric disease like depression is a very important comorbidity of COPD because it decreases the feeling of wellbeing in the patient and also interferes with the compliance with medication thereby increasing the risk of hospitalization in the COPD patient.
Depression is a common psychiatric ailment in our society. It is estimated that about 4.4% of the world's population has depression [2] . The South-East Asian region alone contributes one-fourth of the global cases of depression. India itself accounts for about 18% of the globally occurring cases of depression [3] . The prevalence of depression in India is around 15% [4] . According to WHO, depression causes the maximum disability worldwide and is also a leading cause of suicidal deaths worldwide [5] . Depression may present as a major depressive disorder, bipolar disorder or dysthymia. Depression is characterized by low mood, fatigue, poor concentration, inadequate sleep and pessimistic ideas leading to low self esteem. All these symptoms eventually lead to poor quality of life and sometimes even suicidal thoughts in severe cases. 
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The prevalence of major depression varies from 22% to 33% in patients with chronic non-communicable diseases thereby increasing the chances of developing depression six times in comparison to the general population [3] . COPD alone accounts for 6% of the global deaths [1] and patients with depression are about 1.5 times at higher risk of mortality than the general population [3] . The present study was done at our institute to determine the prevalence of depression in the COPD patients and to determine the severity of depression in various groups and spirometry grades of COPD patients.
Materials and Methods
A cross-sectional study was done for two years in the department of pulmonary medicine at Era's Lucknow medical college and hospital, Lucknow. A total of 150 patients were enrolled for the study after a clinico-radiological screening for COPD, and the diagnosis of COPD being confirmed in them by spirometry with a post-bronchodilator FEV 1 /FVC of <0.70. Consecutive COPD patients from both indoor and outdoor in the department of pulmonary medicine were included in the study. All the patients included in the study were acculturate. Patients with other chronic systemic diseases were excluded from the study. Depending on the airflow limitation, the severity of COPD was graded into GOLD 1,2,3 and 4 grades according to the post-bronchodilator FEV 1 value on spirometry. Then the COPD assessment test (CAT) was applied to these patients and on the basis of their mMRC (Modified British Medical Research Council) grade of dyspnea, CAT score, previous exacerbation and hospitalization history these patients were divided into COPD groups A, B, C and D. These COPD groups determined the symptom burden in the patient and also the risk of exacerbation in the patient. As per the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline 2017 [1] , the COPD groups A, B, C and D were determined on the basis of mMRC grading of dyspnea and CAT score on the horizontal axis(x-axis) and number of exacerbations with or without hospitalization on the vertical axis (y-axis). In Group A, the COPD patients had mMRC grade (0 to 1) and CAT score of <10 on horizontal axis and (0 or 1) exacerbation not leading to hospitalization on vertical axis. In Group B, the COPD patients had mMRC grade ≥2 and CAT score of ≥10 on horizontal axis and (0 or 1) exacerbation not leading to hospitalization on vertical axis. In Group C, the COPD patients had mMRC grade (0 to 1) and CAT score of <10 on horizontal axis and ≥2 exacerbations not leading to hospitalization or any one exacerbation leading to hospitalization on vertical axis. In Group D, the COPD patients had mMRC grade ≥2 and CAT score of ≥10 on horizontal axis and ≥2 exacerbations not leading to hospitalization or any one exacerbation leading to hospitalization on vertical axis.
After the confirmation of the diagnosis of COPD in these patients, the consecutive COPD patients were subjected to initial screening for depression in our pulmonary medicine department using the PHQ-9 (Patient Health Questionnaire-9) scale in which the patient answered nine questions on a scale of 0 to 3. This PHQ-9 questionnaire helps in screening the patients for depression and also helps in predicting the severity of depression. A score of 0-4 is not associated with any depression, 5-9 indicates mild depression, 10-14 indicates moderate depression, 15-19 indicates moderately severe depression, and 20-27 indicates severe depression. After initial screening for depression in our department, the patient was then referred to the department of psychiatry at our institute where the psychiatrist confirmed the diagnosis of depression according to the ICD-10 guidelines for depression and also graded the severity of depression using HAM-D scale (Hamilton depression rating scale). The first seventeen questions in the HAM-D scale are included in the scoring of the severity of depression while the next four questions are not included in the scoring and they determine the presence of diurnal variation, depersonalization and derealization, paranoid and obsessive-compulsive symptoms in the patient. In the HAM-D scale a score of 0-7 is taken as normal, 8-13 indicates mild depression, 14-18 indicates moderate depression, 19-22 indicates severe depression, and ≥23 indicates very severe depression.
Informed consent was taken from all the subjects. The approval for the study was taken from the institute's ethical committee.
Statistical analysis
All statistical analyses were performed using SPSS statistical software 17.0 (SPSS Inc., USA). Descriptive statistics of all continuous variables were calculated as means and standard deviation while the categorical data were expressed as percentages. A comparison between groups was done using Student's t-test for continuous variables and chi-square test or Mann Whitney U test was used for discrete variables. Rate differences between variables were calculated by odd ratios (ORs) and the corresponding 95% confidence intervals (CIs). A p-value of <0.05 was considered statistically significant.
Results
A total of 150 patients were enrolled for the study of which 110 were males (73.33%) and 40 were females (26.67%). The most common age group enrolled in the study was 51-60 years of age at (40.67%). However, in COPD patients with depression the most common age group was 61-70 years at (43.48%) and this was statistically significant with a p-value of 0.002. Out of the total 150 patients of COPD, 15 patients (10%) were illiterate while 30 patients (20%) were semiliterate and remaining 105 patients (70%) were full literate (Table 1) . One hundred and fifteen patients (76.67%) were current or ex-smokers, while the remaining 35 patients (23.33%) were never smokers. The most common smoking pattern was bidi smoking at 73.0% followed by cigarette smoking at 22.6% and hukka smoking at 4.4%. The smoking pack-year of about 22 packs/year and those COPD patients who had left smoking about two years back were more predisposed to depression and this association was statistically significant with a p-value of 0.002 (Table 1) . History of biomass fuel exposure was present in 34.0% of the patients. The average HAM-D score in the COPD patients with depression was 13.89 and this was statistically significant with a p-value of <0.001 (Table 1 ). There were no false positive patients of depression by PHQ-9 screening in comparison to the HAM-D scale. However, the correlation between PHQ-9 score and HAM-D score for diagnosing the severity of depression was weak and not statistically significant with a p-value of 0.911. Depression was found to be present in 46 out of the total 150 patients in the study.Thus the prevalence of depression in our study was 30.67% (Table 2 ). In COPD patients with depression, 15 patients (32.61%) had mMRC grade 4 dyspnea while 11 patients (23.91%) had mMRC grade 3 dyspnea (Table 3 ). In COPD patients without depression, only 8 patients (7.69%) had mMRC grade 4 dyspnea while 30 patients (28.85%) had mMRC grade 3 dyspnea (Table 3) . Thus the prevalence of depression was higher amongst patients with mMRC grade 4 dyspnea and this difference was statistically significant with a p-value of 0.015.However, the difference in CAT score was not statistically significant in the patients of COPD with depression and those without depression (Table 3 ). The COPD exacerbation history of ≥2 previous exacerbations and any exacerbation leading to hospitalization were more in the patients of COPD with depression in comparison to the COPD patients without depression and this difference was statistically significant with a p-value <0.001 (Table 4) . 
Discussion
COPD itself is a progressive disease and the association of several comorbidities with COPD further adds to the severity of the disease in the patient. Despite of the several novel medications and techniques for treatment of COPD, it is still the fourth leading cause of death globally [1] . It is very important to identify and treat the comorbidities associated with COPD so as to decrease the overall mortality due to Out of the 46 patients of COPD with depression, 25 patients (54.35%) were of COPD group D while 15 patients (32.61%) were of COPD group C and only 6 patients (13.04%) were of COPD group B. The higher percentage of depression patients in COPD group D in comparison to the other COPD groups was statistically significant with a pvalue <0.001 ( Table 5 ). The division of these patients as per the severity of depression showed that all the 6 patients of group B had mild depression. Amongst the 15 patients of group C, 7 patients had mild depression while 8 patients had moderate depression. Lastly, out of the 25 patients in group D, 5 patients had mild depression, 18 patients had moderate depression and 2 patients had severe depression. No evidence of depression was found in group A patients. The increased number of depression patients and the increased severity of depression in Group D patients in comparison to Group B and C was statistically significant with a p-value of 0.025 (Table 6 ). The severity of depression as per the spirometry grading showed that in GOLD grade 1 there were 2 patients of mild depression while in GOLD grade 2 there were 7 patients of mild depression and 2 patients of moderate depression. In GOLD grade 3 there were 4 patients of mild depression and 10 pime pime pime pime p pi im me e EDITRICE 
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COPD. Depression is one of the important comorbidities of COPD as depression is associated with a feeling of increased dyspnea leading to more hospitalization of COPD patients [2] . The overall prevalence of depression increases in patients with chronic illnesses and has been found to be 9 to 23% [6] . Depression can be easily screened for in any setting using the PHQ-9 scale.The PHQ-9 scale is a commonly used validated tool for screening depression [7] . The internal reliability and the test-retest reliability of the PHQ-9 scale has been found to be excellent with the positive predictive value of the scale being 51% for diagnosing major depression at a cut off value of 15 [8] . The sensitivity, specificity and overall accuracy of PHQ-9 scale for screening for any depressive disorder is higher in comparison to other scales like HADS (Hospital Anxiety and Depression Scale) and WBI-5 (WHO WellBeing Index-5) [9] . After the diagnosis of depression by the ICD-10 guidelines, the severity of depression can be determined by HAM-D scale which has been considered the gold standard for assessing the severity of depression and has been widely used for this purpose [10] . HAM-D scale has also been used to assess response to treatment in patients of depression in clinical trials [11] . A modified form of HAM-D known as HAM-D-6 scale can also be used for screening for depression. HAM-D-6 pime pime pime pime p pi im me e EDITRICE Original Article grades of COPD.Severe depression was seen only in group D and GOLD grade 4 of COPD patients. Depression has been reported in all stages of COPD by other studies also and the severity of depression along with the risk of developing depression has been found to increase with the increase in severity of COPD [24] [25] [26] . Use of long-term oxygen therapy further increases the prevalence of depression in COPD patients [26] [27] . As per the severity of depression in COPD patients in our study, the maximum percentage of patients at 56.52% had moderate depression followed by mild depression and then severe depression. As many patients of COPD had mild depression, hence efforts should be made to diagnose depression when it is of mild severity so as to minimize its implications in COPD patients. Depression in COPD patients is also associated with increased readmission rates [28, 29] and increased mortality [30] . The causes of depression in COPD patients are multifactorial but patients with higher disease acceptance and higher disease limitations acceptance have been found to have lower rate of depression. Similarly patients with less mild cognitive impairment and good familial support have been found to be lesser depressed [31] . Hence, patients of COPD with depression should attend pulmonary rehabilitation program where the patient learns about breathing techniques, nutrition, medicines, relaxation techniques and the methods through which the patient will remain healthy and will avoid frequent exacerbations. Through this program the patient also receives emotional support and is taught the methods to withstand COPD comorbidities like depression, osteoporosis and muscle wasting. The family members should be guided to be very supportive to the patient. Educating the patient and the family members about the course of the disease and the importance of adherence to the medications should also be stressed.
Majority of the COPD patients with depression have been found to have mild to moderate depression which is amenable to treatment with cognitive behavioral therapy (CBT) and antidepressant medication. CBT has been used both for the acute treatment of depression and for the continuation and maintenance treatment of depression [32] . CBT causes a reduction in residual symptoms and also decreases the consists of six items namely depressed mood, guilt feelings, work and interest, retardation, psychic anxiety and general somatic. A score of ≥10 in HAM-D-6 scale is an indication for treatment with an antidepressant drug [12] .
The prevalence of depression in COPD patients has been found to be 30.67% in our study. Depression is common in COPD patients and its prevalence has been reported to be varying between 7 to 55% in various studies [12] [13] [14] [15] . The most common age group of COPD patients diagnosed with depression in our study was between 61-70 years. Males constituted about two-thirds of the COPD patients with depression in our study. However, according to some studies age and gender do not affect the prevalence of depression in COPD patients [16, 17] . In our study about 73% of the study population were males and possibly this could have led to the increased diagnosis of depression amongst males in our study. Smoking pack-year of about 22 packs/year and ex-smokers who had left smoking about two years back were more predisposed to depression. However, Biswas et al. [17] and Pascal et al. [18] did not find any significant association between the smoking status as current or ex-smoker and smoking index(or pack year) with the prevalence of depression in COPD patients.COPD patients with ≥2 mMRC grade of dyspnea have been found to be more prone to develop depression [19] . In our study, depression was diagnosed in COPD patients with all grades of dyspnea but there was significant increase in percentage of depression cases amongst patients with mMRC grade 4 dyspnea.
In our study, increased prevalence of depression was seen in COPD patients with ≥2 previous exacerbations without hospitalization and in those COPD patients with a history of hospitalization. Depression is a known risk factor for increased moderate to severe exacerbations along with increased risk of hospitalization and also longer hospital stay in COPD patients [20] [21] [22] [23] . In our study depression was seen in all groups and spirometry grades of COPD patients. However, there were 25 cases (54.35%) of depression in group D alone. Similarly, there were 21 cases (45.65%) of depression in spirometry GOLD grade 4.The number of cases of depression in group D and spirometry GOLD grade 4 of COPD were the highest in comparison to the other groups and spirometry pime pime pime pime p pi im me e EDITRICE Original Article chances of relapse of depressive symptoms [33, 34] . CBT causes significant reduction in the treatment cost of depression in the patients [35] . Apart from CBT, the patients of depression can be given interpersonal psychotherapy, family and couples therapy and problemsolving therapy. Patients of depression will benefit from relaxation techniques like progressive muscle relaxation and exercise in the form of walking, running or cycling. These patients should also indulge in positive and pleasurable activities. This study detects depression in a substantial number of COPD patients especially in COPD groups C and D. But the sample size in our study is small which is a major limitation of our study. More studies with larger sample size are required to postulate these results to the COPD patients in general. Moreover, study of larger number of COPD patients of Groups A and B may reveal a higher prevalence of depression in these groups of COPD patients than reported in our study.
Conclusions
Depression is an important comorbidity of COPD associated with increased risk of exacerbation, hospital admission and mortality in COPD patients. Depression is also associated with poor adherence to treatment in COPD patients [36] along with decreased number of visits in the outpatient department (OPD) by the patient to the treating doctor and also inadequate participation of the patient in pulmonary rehabilitation programmes [37] . About one-third of COPD patients suffer from depression and hence patients with increased symptoms or frequent exacerbations should be screened for depression. 
